Introduction
Glycerophospholipids with a lipophilic alkyl chain or with two different long alkyl chains are know n to have m em branolytic or fusogenic effects [1 -3 ] . T he so-called platelet-activating factor (PA F = 1 -0 -alkyl-2-0-acetyl-sn-glycero-3-phosphocholine), which has a sim ilar structure, is p roduced and secreted by different types o f leukocytes upon im m une and nonim m une challenges [4] and obviously plays an im portant role as m ed iato r o f allergic [4, 5] and in flam m atory reactions [6 , 7] , Also, PA F and its analogues are potent stim ulators o f blood platelet activation in different species [8 -1 1 ] . T he extent to which m em brane effects are prim arily involved in these processes is not properly understood at present; perhaps PAF and analogous com pounds are bound to a specific m em brane receptor [12] . M em brane properties play an im p o rtan t role in an o th er biological process -the replication o f viruses [13, 14] . T herefore it is o f interest to know the role o f glycerophosphocholines in virus m ultiplication. This paper deals w ith the structure-effect relations o f synthetic racem ic 1 -substituted 2 -O -hexadecylglycero-3-phosphocholines and o f som e structural R eprint requests to S. Kluge. 0341-0382/84/0300-0252 $ 0 1 .3 0 /0 analogues using two different biological system s (hum an blood platelets and viruses undergoing m ultiplication in tobacco plants).
Materials and Methods

Compounds
Eight com pounds (Table I ) w ere p rep ared w ith the following general structure:
The m ethods o f p rep a ra tio n o f com pounds 1 -4 , 6 , and 8 were analogous to [2 ] , [15] , and [16] , respec tively. 5 and 7 w ere p rep ared according an a n a logous procedure to [17] from the corresponding lyso com pounds by acetylation with acetic an hydride in the presence o f ab so lu te pyridine.
Blood collection
Blood obtained by v en ip u n ctu re from healthy volunteers was collected into 0 . 1 vol. triso d iu m citrate (0.106 m) and im m ed iately centrifuged at 2 0 0 x g for fifteen m inutes at room te m p e ra tu re to give platelet-rich plasm a (PR P). PR P w as kept in tightly capped plastic tubes at 37 °C and was used for platelet studies w hich w ere started afte r one hour from blood collection.
Platelet aggregation
Platelet aggregation was m easured tu rb id im e trically by recording changes in light transm ission using an ELVI dual-channel aggregom eter. A ggre gation was triggered by a d d itio n o f 50 jal o f inducer to 0.5 ml o f PRP at a cuvette tem p eratu re o f 37 °C and at a constant stirring speed o f 900 revolutions per minute.
Lytic properties o f red cells
Erythrocytes were w ashed twice w ith ph o sp h atebuffered saline (PBS) having a pH value o f 7.4, and they were subsequently centrifuged for ten m inutes at 400 x g. One ml o f packed red cells was sus pended in 100 ml o f PBS and then used for the m easurem ent o f lytic properties. F or an estim ation o f lytic properties, 0 . 1 ml o f solutions o f each co m pounds was added to 1 ml o f a suspension o f red cells. A lbum in saline (2.5 g o f h u m a n serum album in and 0.15 m o f sodium chlo rid e p er litre) served as control and T rito n X-100 (1%) was used to induce com plete lysis. A fter incu b atio n for thirty m inutes at a tem p eratu re o f 37 °C , sam ples were centrifuged for two m inutes at 8000 x g. 0.5 ml o f each supernatant was transferred to 1 ml o f PBS and the optical density was m easured at 546 nm.
The 2-O -alkylglycerophosphocholines w ere d is solved in album in saline, stored at a te m p e ra tu re o f -2 0 °C, and preheated to 37 °C before use.
Acetyl salicylic acid (ASA, Sigm a C hem ical Co.), creatine kinase (CK), and creatine p h o sp h a te (CP) were dissolved in saline, kept at a tem p eratu re o f 4°C , and used for a perio d o f one week. Both CK and CP were o b tain ed from B oehringer (M an n heim , FRG ).
Virus and host plant
The virus strain used in these studies was p o tato virus X (PVX) H19. T he system ic host plants Nicotiana tabacum L. " S am su n " w ere cu ltiv ated in an air-conditioned room (16-hours-day; 9000 lux; 2 0 ± 2°C ) . W hen the tobacco was in the fo u r-le af stage (about 1 0 weeks after seeding) it was used for experiments.
Arrangements o f experiments indicating antiphytoviral activity
The tobacco plants w ere sprayed two days before and two days after inoculation w ith PVX th ree tim es with 1 mM aqueous solutions o f each co m pounds until the leaves were covered by a film o f solution. Two fully developed leaves o f each p lan t were inoculated m echanically using d ilu ted crude sap of infected plants. D etails are described else where [18] .
Virus assay
Serological d eterm in atio n o f PVX content in inoculated (= prim arily infected) and system atically (= secondarily) infected leaves was after 6 ± 1 days and after 1 2 ± 1 days from inoculation, respectively. The upper of the two inoculated leaves and the secondarily infected leaf sep arated by one le a f from the closest inoculated one w ere used for virus d etec tion. Sap was pressed from the leaves, h eated (40 °C, 10 min) and then clarified by cen trifu g atio n (5600x g ). The clarified sap was d ilu ted w ith physiological sodium chloride. T he last d ilu tio n step where virus could be detected by p recip itin drop test was noted. T he average end p o in t d ilu tio n (aED) is the m ean o f at least ten values. T he experim ent was repeated twice.
Results
Platelet stimulating activity
In experim ents using 1 to ]00(iM o f th e 2 -0 -hexadecylglycero-3-phosphocholines and analogues 1 to 8 . a concentration dependent platelet aggrega tion is obtained only w ith the com pounds 2, 3, 5, and 7 in hum an PRP. The highest platelet stim u lating power shows the 1-O-acetyl derivative (5). 5 (.im o f this com pound is capable to .produce m axim um platelet aggregation (Fig. 1) . The 1-O -methyl derivative (2 ) is show n to be only slightly less active than com pound 5. On the oth er side, seven to eight-fold higher concentrations o f the derivative 3 and 7 are necessary for producing the same platelet response. T he platelet aggregation induced by ' 2-0-hexad ecy lg ly cero -3 -p h o sp h o ch olines also takes place in the presence o f acetylsalicylic acid or a m ixture o f creatin e k in a se/c re atin e phosphate (Fig. 2) . Using a concentration o f 300 pM the lysophospholipids 1 and 6 trigger a small and reversible platelet aggregation. By contrast, the co m p o u n d s 4 and 8 are com pletely inactive.
Antiphvtoviral activitv
The results o b tain ed using PVX indicate a marked inhibitory activity o f p h o sp h o lip id s 1 , 2 , and 5 (Table II) . As is well know n from screening for antiphytoviral effects, p rim arily infected leaves, in spite of having direct contact w ith the virus, usually are poor indicators o f an tiv iral effects. T his is also true for th e viral in h ib itio n s caused by the active agents in 1 and 2, but is not equally true o f 5.
In the case o f secondarily infected leaves, the strongest effect is prod u ced by 2, w hereas 5 and 1 exhibit roughly the sam e intensity.
Mem bra no 117 ic prop er t ies
The com pounds 1-8 in concentrations from 3 to 100 pM were tested for lytic action on w ashed red cells (Table III) 
Discussion
The results p rovide evidence th a t 1-su b stitu ted 2-0 -hexadecylglycero-3-phosphocholines and a n a logues, besides m em branolytic effects, possess also platelet activating and antip h y to v iral p roperties. These facts indicate that the alkyl glycerol b ack bone, a short chain substituent in position 1 and the phosphocholine grouping are o f p rim ary im p o r tance for antiphytoviral and platelet stim ulatin g activity of the 2-0-hexadecylglycero-3-phosphocholines and analogues.
As a whole the reduction o f virus content gives no inform ation about the m odes o f the antiviral action. It is possible th at the virus m ultiplication is in hibited but a hindered d istrib u tio n o f viruses in plant tissue may also be suggested. F u rth e r inves tigations are necessary to elu cid ate this problem . Since a hem olyzing action was d em o n strated for all of the com pounds in this class o f substances, it was reasonable to assum e a co rrelation betw een lysis and biological activity in the test systems. H ow ever, the results o b tained clearly show th at, interalia, the analogue 8 w ith the greatest lytic efficiency, is com pletely inactive. T his seem s to suggest th at m em branolytic properties o f the co m p o u n d s do not correlate w ith the biological activities observed.
